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Chapter 1 
Introduction 

1.1 Question: What is mechanics? 

Mechanics: It is a branch of the physical sciences which 
deals with the action of the forces on bodies at state of 
rest or motion. In general ‘mechanics can be subdivided 
into three branches: rigid body mechanics ‘deformable 
body mechanics and fluid mechanics. Rigid body 
mechanics is divided into two branches: Statics and 
dynamics. 



< V< r ijLuajj 

<j ja£j jI£aJ AjL jja ^l^Ajujl j ^<^1 

Aj t IûaJjş. ^jaJL^. aJ jlj I jjLLujo j ^^jAJU. aJ jlSAjAj jAjujAJ o jAjj] jSoJ 


Iji j-u> jj ojAjjjSj jjAjIû CjjjjIjjoû ‘«jjL^ 

, jlSo j\5LLj ^-SjjlSj* j jl£ojl jjSo jlui AjAjAj ^^SjjlSjLo ccIl^Ajjj 

j (^l jjHuioj Ijl jjû jj djjjoj (JjAjIû clLkAjuj (^gjAj ^jSjjlSjjj 


1.2 What is statics? 

Statics is the study of rigid bodies that are stationary or 
moved with a constant velocity ‘the rigid body must be 
in equilibrium. In the language of statics ‘a stationary 
rigid body has no unbalanced forces acting on it. 
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4j (jjV j=>. (j\j (jjlluiejl j <£ <î <j jAjJ jiiî ^l jjliuiej 



^^jLaj AÎ .<«jjjj I.lj£i4_uijU 4j (jjjjû^ 4^4jii.4_ui 4j4j . jj^4j ^^^Ajjljji. 
.4_nj jAjuAÎ ^^SULuiV (_J jjA (_£jU jLiuiej ( _ 5 ji.4uui ^^jAj 4 1 jjjl jjliuiej 


1.3 What is Dynamics? 

Dynamics is the study of rigid bodies that are moving 
with the accelerated motion. 


(jljA£öjlJ^ jIj 4 } j^. Aj 4jl£<lk<JuJ 4 jAj ^JÖj^JJJJjJ J<Sj^. 

■ Û^J?“ eJ 


1.4 Fundamental concepts 

®jb'J 

1.5 Scalar and vector quantities j ûUö^lLjIjU e 

(jlSAiwiljU jj û JU 

1.6 Scalar quantity: It is one which has only magnitude 
but has no direction such as (Volume ‘area dength » 
density and times). 

4_nj (_^Aluil jU ^4_J Aj4Jfc (_g jj IgjAj a£ AjejjjA j4j ;jl£Aiuil jU ^j oAjjA 

.(CjI£ hj ja. J^J^ ‘J^JJJ ‘ûjU4i) UÎej 
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1.7 Vector quantity: has both of magnitude and 
direction like velocity ‘acceleration ‘force. 

tjlej AjAA jUujAjjujjlj j jjjjj jjAjljjjA jAj ; jUe jjAjjujI jIj ojiA 

. J û' û J^ J u'j^ 


1.8 What is Particle? 

A Particle is very small; it has mass but no size. 

ûjAj 

«* V 

_Ajjj ^je jIjA _9 ^VAj AjAA ^gjllujjlj ‘A£j^j jj j a£J jjAj 


1.9 What is rigid body? 

A rigid body has both a mass and a size. 


j^. CIUAjuj , ÛAj 

♦♦♦♦ «£ 

,AjAA ^lj^jjjAA ejljAS j ^^jllLuj jL CljkAjuj ^^jAj 


1.10 What is Equilibrium? 

When the resultant force and moment are both equal 
to zero ‘the body is said to be in equilibrium. 

tAaa. ^^JAuuijIA 

aSAjAj ijk juj Aj jjeu jLuÛAj jlj^jjjjAA jJe j j ^UjejAj jiA <j]jjU 

AjI jjSÛAjuj ûU aJ dij )j oe j , _jj 

■ ** ** **V u/ O'N* 


1.11 Units of measurement 

jjjSAj'jjj ^UA^Aj 

The four basic quantities (length ‘time ‘mass and force) 
are not all independent from one another. In fact ‘they 
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are related by Newton's second law of motion * 
force=mass* acceleration. Because of this ‘the units 
which used to mesure these quantities can not all be 
selected arbitrarily. The equality force=mass* 
acceleration is maintained only if three of the four 
units ‘called base units ‘are defined and the fourth unit 
is then derived from the equation. 



jljjjaAA ( jiA j (^ş-AjjuijIj jiji) 4S4jj4jj^jj eAjjA jlja. 

(^g-aejjJ ^^juAj Aj (jjjuie jj4j (I.lnjuilj4j . l.ljljSj£4j <1 jjjj ji.Aj4uuj 
jlS4S4j tejA-a4j (_£jAAj ^jjl^jlj *(_gj\jjuijlj =jiA) IajAJ ja. 4J ej4jjjjj 
4jlj£Lae j4A jjljjjuAA 4jlAjjA ^4 j ^IjJJ jj jjjjjAeu jI^Aj a£ 

(û'Aj^ *cs^J^ = j-k) .UL& û^jj'j^^ 


j'j- j 4J (jljjui 4 j j4£4j lgj4j 

.dijjjjljejlj ej4^4uujj£jlA 4J (j\j4^4j ^öjlja. ej (jjj£eû4uuiljjj 


1.12 The International System of units (Sl units) 

The International System of units abbreviated Sl after 
the French "Systême International d'Unitês" is a 
modern version of the metric system which has 
received worldwide recognition. As shown in table 1.1 ‘ 
the Sl system defines length in meters (m) ‘time in 
seconds (s) ‘and mass in kilograms (kg). the unit of 
force ‘called a newton (N) ‘is derived from Force = 
mass* acceleration. Thus ‘1 newton is equal to a force 
required to give one kilogram of mass an acceleration of 
lm/sec (N=kg. m/sec ) 
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Systême ) ^ öjAjöjIjSjjjS (si units) ^pUjejjii ^JLru . i 

J^°j ^ û j4^°j^ ci(lnternational d'Unitês 

(jAlLulk a ! A£ .ûjljJ^JÖj ^ jl JJJjuAj ^ ö j a£ öjS^Lö ^-jILuoJjuJ 

CjI£ 4CjI£ö^uujUjJ (m) <^JJjL ^^^LojJjuI .Öjlj^ jLjuLjJ b 1.1 
^JJj®^ C 5 ^ ‘ .(kg) e J (s) ^J^ <} 

1 cAjöjjjuj _öjö(j!ljIj*^IiLujjIj=jja) <1 öjljjujtjb a£ t(|\|) cIh 

^U^jU ^IjÊjLS (Ikj ^Ijjj Jj dixjjjjj ^JJA 4 j AjLjSaj Jjjjj 


( N=kg. m/sec 2 )(lm/sec 2 ) c^' j j^ 


Quantities 

Unit 


Length(L) 

Meter (m) jk^> 

cJJÖ^ 

Mass(M) 

Kilogram (Kg) ^Jj^ 

^HuûjU 

Time(T) 

Second (s) 

djl£ 

Force(F) 

Newton(N) ûj^ 

j^ 

Velocity(V) 

(m/s) 

ls'j^ 

Acceleration(a) 

(m/s 2 ) 

j'jjtj 

Area(A) 

(m 2 ) 

J^JJJ 

Density 

Kg /m 3 

^J^ 

Work 

N.morJoul Jj^ 

lA ^ 1 

Moment of force 

N.m 

J^j 

Power 

Watt LjIj 

Ul jj 

Pressure 

N/m 2 or pascal J&Ju 

jLLMj 


Table 1.1 lh 


1.13 U.S. Customry units 
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The U.S. customary ‘or Britsh system of units ‘also 
called the foot-pound-second (FPS) system ‘has been 
the common system in business and industry in English 
speaking counties. The FPS system defines length in feet 
(ft) ‘and force in pounds (Ib). The unit of mass ‘called a 
slug ‘is derived from Force = mass* acceleration. Thus ‘ 
1 slug is equal to the amount of matter accelerated at 
lft/sec when acted upon by a force of llb (slug= 
lb.sec 2 /ft) 


U.S 

UöjjAA i ^ Jn . in . i jU tU.S 

Al JL& U M UM AjöjIjS ‘(FPS) Cjjjjjeû 

. <JJjl£jJJ Aj (JAjIjVj jAÎ I^JjLuAjoiJJ J ^l^jjtj 

<j jiA öj (s) ^ ^lvn ^ff) Aj ^jjj^ 


lLuiJjuû 


^ ‘(slug) CjjjjjeJ ^JJ (^U^jU ^a£Aj .(Ib) jûjU 

Ajlaal^Lj C^Aijuû ]_ iAjöjJjal _öjö^ jl^jlj*(jljjuljlj—JJ&) AÎ öjIjjuûLjI^ 

4j <jj4aai AjI£öJ)jI£ tiljjl£ lft/SGC^ jl j^jIj (^AjöLLg (^JJ Aj 

(slug= lb.s 2 /ft) 1 ^j^ 


Quantity 


FPS units 

Sl units 

Force 


Ib 

4.44N 

jU 




Mass 


slug 

14.5kg 
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Length 

ft 

0.3m 


Table 1.2 


1.14 Mathematical Natation and Formula 



jLujIj 



B 


Figure 1.1 


n 












sin 9 = 




cos 0 


CliAijAj 

CSJ 


A 

C 

B 

C 


tan 6 


jLiJ jlj 
djxjJAj 


A 

B 


Sin 0=2Sin 0 Cos 0 

Cos 20 =Cos 2 0 _ Sin 2 0 =1 - 2Sin 2 0 = 2 Cos 2 0-1 

Sin (-0) =- Sin0 
Cos (-0) =Cos0 

(_£ûjjj£ Aj jS Ijjj L_LjA5Ljj AJjjS jASAj a£jja. 

.dijjSûû IiIaSaJ (jaIa-ûLû ^ûjIj^ 

Sin 2 0 + Cos 2 0=1 
1 1 

Sin 2 Q = --- Cos 2 0 
2 2 

Cos 2 0= - + - Cos 2 0 

2 2 

Sin (0+a) =Sin 0 Cosa + Cos 0 Sina 
Sin (0-a) =Sin 0 Cosa - Cos 0 Sina 

Cos (0+a) =Cos0Cosa + Sin0Sina 

Cos (0-a) =Cos0Cosa - Sin0Sina 
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1 


Sec= 


Cosa 


1 

Cos 2 oc 


= 1 + tan 2 oc 


Sec 2 oc - tan 2 oc =1 


jjj jjLwjj 4j4jULuJj»U j4j tULûjJ 4J ^yAS, (jjjDJJjJ 
;U1ljjjoJ IJjjJ LSJS 4i j öjAjjjöAöJ boj4ÛJj£j2lj <U tQjjjfl 
. jjj4£j<U« j!jjA4j 


(o-M JJjUU) 









jûjjJûjU U 4<blj 4 Jjj döj t^jjU jj <JjjU 
.CjISûJ 



Chapter 2 <j^j 

Statics of particles ûl^j&j <jjljjli«<öj 


2.1 Question: What is mechanics? 

Answer: Mechanics: It is science which deals with the 
action of the forces on bodies at state of rest or motion. 

?4jja. A • jLluj jj 

«*«* «* «♦ «♦ 'V »♦ 
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^)4_uAÎ ojAjjÎJ^oJ jjl^o AÎ A^ A_A!Laijl j jAj |^Vö j 

IûaJj^ ^^jAJU. AJ jLi 1 Ailjjaio j ^^jAJU. AJ (jl^AjAj 


2.2 Question: what is force? 

Answer: A Force may be defined as the action on body 
on another body which changer or tend to changer the 
motion of the body acted on. Force is a push or a pull 
that one body exerts on another body ‘including 
gravitational ‘electrostatic magnetic and constant 
influences. Force is a vector quantity ‘having a 
magnitude ‘direction ‘and point of application. 


jJA ' iUoj u 

4£ a£jû ^^fUjAj j^juAS tiîikj jA5LjjI£ UÎöj Ujjj£ö^ A juAvjj jjA 
<jjl£ a£ (JA£<jAj j^ ^jj jj£ jj dsliöiljAA jIj C1jjjj£ö^ j<£aJj^. 
j<juj AjI£ö^jI£ tiljjAj a£ a£jjLjj£Ij j\j a£jjUL jjA b j4uuAjöj^j£ 
a£j]jI£ öj jli^öj ^UjlS ^jjjU^j^ 4j^j£Uj£ ^jifc 4 A£j^ 

j AILuj jU J JJ 4ÖjIMJjujIjU ^£j.Vvi& jjA _ jI£öjJ£Aj 
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2.3 What is difference between external forces and 
internal forces ? 

Actions of other bodies on a rigid body are known as 
external forces. If unbalanced ‘an external force will 
cause motion of the body. Internal forces are the forces 
that hold together parts of a rigid body. Although 
internal forces can cause deformation of a body but 
motion is never caused by internal forces . 

ö jjfc j Öjifc J)|jjj j jljba. 



2.4 How to represent forces? 

Forces are frequently 


represented in terms of unit 
vectors and force 



components. A unit vector is 
a vector of unit length 


directed along a coordinate 
axis. Unit vectors are used in 
vector equations to indicate 
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direction without affecting magnitude. In the 
rectangular coordinate system ‘there are three unit 
vectors ‘i ‘j ‘and k . 

Figure 


2.1 


û'-A^ û^ 6 ÛJŞ 

j A^Aj (^jl£e jjAjuI jU <je jljAJuiej Aj (jj^JeJ jl ujj jl£e jiA (_£^)jjAj 

li^j ^jjAjujIjU *£Aj L^j^^'j^ ■ J^ cP^J 4 -^ 
aJ a£Aj (^jl£ejlJAluiljU _t^ljjljjJj ^jejejAj jjjj Aj ejlj^AluiljU 
AIj jU (_gjJj£jjUj jj jijjiAeJjl^Aj I Jl£e jjAjuiI jU ^ ‘4 O ■ jIa 
^ jljAjuil jU juj <IJjAA£V ^UjJj AJ . jj ^jA^jjll jjAj 

. k ‘j ‘ i 


2.5 Methods of finding of Resultant 

jjA ^bJöj^j 


i 

1. Resolution 


2.Paralleiogram law 



3.Tî*iangle law [lames equ^ 







2.6 Resolution 

.lResolution: every inclined forces are resolved into 
their components one on X-axis and the other on Y-axis 
after that total summation of forces on X-axis (£Fx) and 
total summation on forces on Y-axis £Fx are taken. 
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Finally ‘the resultant is found due to this formula. 


r= V (EFx) 2 + (Sfy) 2 


V Fy 

The formula of (tan(3=-— ), can be used to find the 
direction of the resultant force. 


j4 Vjg</n jj jJjSûû JAjP jl£ûjV o JJA jjaAJ> ; jjj£ Jajj^ 

oj<J (jlj-i ,Y J Ö J^J J'CuAi JJ (Jt>y Û J X cjJ e J^ J^d jlj^j^Aj 
J ((£FX 4 jIj X Ci J e J^ J^^d jl^oJJA <jûjlj£j£ Lsr -A ? .j4uj 
,C1 ijjj£ûûj 6j Y J (JjûjAj J'CuAÎ jlSû jiA (Jû jlj£j£ ^^^uöA^jAuj 

;ûj4jj jjjJû-i ûjAiLuiIj ^Aj (jjAAj A^AûL^jûjAj tljjjLîj^J 

r= /wnw 

Z py 

(jAjjuil jU (Jûj4_jj jjj jj. jjjjAûJjl^Aj (tanp=--) CjjjjljJûJ 

l.Fx 

.f4^ e J^? ci 


2.7 How to resolve a single 
force? 


Origînal Vector 
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ResolvedVector 


Fcosa 
F sinft 














A single force F at an angle 0 to the horizontal can be 
split into perpendicular forces: Fcos0 in the horizontal 
direction and Fsin0 in the vertical direction. 

Figure 2.2 


ÇcjjjSaJ jAiui <iîlj ûja. 

ûj<jjj5Lj Ua. cHjj^j! jjoj UjjuoU (Ja£<Î (0) i^KjAUöJ^Aj (F) UUj 

<t Fsin0 j ti'UjuiljU aj Fcos 0 : jl^UjiuiAj ojja jj 

aLs l jIoj ^aiLujI^U 


^u'j (X) lsojoj^ jj^ Jj Ij^kjjU ojV (F) 

Y-axis "U'j (Y) cjûjûjAj j<^aJ jUUjjj X-axis 


>4 N 

>2 |^j Is equivalent 


8-N 


>2 N 


Is equivalent 



~*7 N 


Figure 2.3 

The resultant of two forces at right angles to one 
another is represented by the diagonal of the rectangle 
whose sides represent the two forces. 
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(JÖJJJ Aj öjl J*AjLujJJ Jj£+} jJ jLLuJÖ j4uujj£ JjA jj^ ^^gL^JöjAj 
.CjIjöJ cj'Ay ^öjja jj^ a£ a£<j^j£V 


Is equivaJent to 


2 N 


7 N 



7 N 


Figure 2.4 


F = 


j 


(7 2 + 2 2 ) = V53 


TanO = 


Yfy 

ZFX 


2 

7 


0=15.95° 


7.28N 


a£ jiA j<j Uilj (H—> Y,) ^ icr^? 

b j£jjöjjj jiujlj AILujö^ ^jAjjujIjIjAj 


AJjuJÖ^ (JAILujI^U <j a£ <^4jI jjA jAj JJ^AA IjIj (— <— A-AjLujJJ ^Aj 



^jAJjuj!jIjAj a£ <j4iljjA jAj jj-öAA IjIj ( + î A-AjLuOJ ^Aj 

.jLjöjJj jöjöj^ 

^AILujIjU <j a£ ^AjIjjA jAj jjaAA UIj (—J, +AjLujjj ^Aj 

. jûjûjlji. 













The resultant of these two forces is a force of 7.28 N at 
an angle of 15.95° to the 7N force. 

Jj (15.95°) (7.28 N) ^j^ ®j^> jj^ ^ 

.a£o( 7N) *jjA 


Example 2.1: Find the resultant of the two forces which 
shown in the Figure 2.5. 



4.2 N 


Solution 


Figure 2.5 



4.2 N 


F 
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F = yfi 
TanO = 


.2 2 + 1.7 2 = 4.531iV 
1.7 

+2 


0=22.04° 


Hence the resultant of the two forces is a force of 4.532 
N at an angle of 22.04° below the 4.2N force. 
aj (4.532 N) <_^jU e j^ +- 1 

.^>(4.2N) öjiA jjJaJ (22.04°) 


Note: any two forces can be combined to produce a 
resultant ‘then any force can be resolved into two 
perpendicular forces called the components of the 
force. 

j4j Jj öj4jjj£jJ£ CjjjjljjoJ liîjjjA JJÛ j<A i^^jjJJJ 

(j jiA jjJ Jj clûSij dûjjljJûj <2]jjU jAA jl2ilj 

.&> j-jA ^jl^ûJ<j£jj CjjjjjûJ jljjj j jLjAj 

Example 2.2: Demonstrate that the system of forces on 
the left is equivalent to the single force on the right. 

^jiA jj AjkjjjU u<û. j^ JJj ûjA^JJ :<jjAj 

.diuil j c£ÎIj 
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Figure 2.6 

Solution 




To find the resultant ‘first resolve all forces horizontally 
and vertically 

j <jljjjuilj (jlSejjA jjaAA ljiejA_ui ;A^AjaL^Je jAj ^jejAjjjjjjj 

4 ^ 'U 'i' ,~ö 


Force 

Horizontal 

component 

Vertical component 

10 N 

10 

0 

16 N 

0 

-16 

8 N 

8cos60=4 

8sin60=6.928 

12N 

-12cos30=-10.392 

12sin30=6 

Total 

3.608 N 

-3.072 N 


The resultant is; 


A^AuaLaJAj jAj 


23 


0 


3.608 N 

















Figure 2.7 


F = V3.608 2 + 3.072 2 
= V13.02 + 9.44 
= V22.46 
= 4.74 N 


TanO = 


3.072 

3.608 


0=40.4° 


Example 2.3: The system of 3 forces on the left is 
equivalent to the single resultant F at an angle 0 to the 
horizontal. Find F and 0. 

liîiöL^jûjAj Jj jj jIa jjA ^juj <xjjuoj*jj ;<jj-cj 

.ûjû jûjjA: (0) J (F) . jjuiU jj (0) jj£ Aj F 
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Figure 2.8 


Solution 


Force 

Horizontal component 

Vertical component 

1.8 N 

0 

-1.8 

3 N 

-3cosl7 

3sinl7 

4 N 

4cos42 

4sin42 

Total 

0.1037 N 

1.754 N 



Figure 2.9 


F = V 1.754 2 + 0.1037 2 
= 1.757 N 
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1.754 


Tand = 


0.1037 


0=86.61° 


Example 2.4: An object of mass 4 kg is attached to the 
lower end of a light inextensible string. The upper end is 
fixed to a wall. A horizontal force of P Newtons is 
applied to the free end of the string so that the string 
makes an angle of 0 with the downward vertical and 
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with a tension of 200 N. If the 4 kg mass rests in 
equilibrium ‘find P and 0. 

ciûjûjlji. ^ljjS öjIjI^Aj <j( 4 kg) Aj^jU ;<jjAj 

^£jJjA j4£jjIjJL Aj öjIjJjuAj (_£öjöjAjuJ ^Ijj£ _öjA£JJUJ ^jLuJ^Aj 
JjAuAj A^AjAj (JJJ jAjÖ jAjuJ J<juAS Ijjb ^JJJjj (p) (JjjujIj 

Aj öj öjöjIj^. c£jjj ^JjJjuj (Ja£a1 ^j£1LujjjL L$(0) (JAjujj£ a£Aj4j 

cIuIujöjj ^^SLAjujjIa <j a£ö( 4 kg) ^bjjW ja£aj .(200 N) l$jj^ 

.ûjûjöjj^j (9) j (p) 


Solution 


>P 

Figure 2.10 

Resolving Vertically Resolving 

horizontally 

2OOcos0=4g 

2OOsin0=P 

cos0=4 x 9.8 -r 200 
200sin78.58=P 



27 

















cos0=39.6 ■¥ 200 


200 x 


0.98=P 

cos0=0.198 
P=196.04 N 

0=78.58° 


Example 2.5: An object of mass m kg is attached to the 
lower end of a light inextensible string ‘the upper end 
of which is fixed to a wall. A horizontal force of 40 N is 
applied to the free end of the string so that the string 
makes an angle of 0 with the downward vertical and 
experiences a tension of 90 N. If the particle rests in 
equilibrium find 0 and m. 


^IjjS ûjIjJxjAj ^(m kg) c^*^ \Alj*l 

^iîjjjA .ejA^jjljjJ Aj ejljjjuAj cJûjöjA-uo ^jIjj^ . ejA^jouo çj jLuö^Aj 

jjAa4j A^AjAj (_^jj jAjej4_ui jAjuAÎ Ijjl^ (40 N) LS j*o)lJ 

Aj ej ejejlji. J j jj ^gjjSuo (Ja^aJ Jj^jjuojjJ j(0 ) jAJo jS. A^jJjj 

(m) .cjjLoiajj aj a£ ö (4 kg) ai^jjIj ja^aJ .(90 N) lsjj£ 

.ejejejjjj (0) J 


Solution 
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mg 


Figure 2.11 

Resolving horizontally Resolving 

verticallv 
9Osin0=4O 
90cos9=mg 
sin0=4O -r 90 
90cos26.39=mg 

sin0=O.444 90 x 

0.896=9.8m 
0=26.39° 

80.623=9.8m 

80.623-r 9.8=m 


m=8.23 kg 
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Example 2.6: An object of mass 5 kg is supported by 
two inextensible strings ‘the other ends of which are 
attached to 2 fixed points P and Q on a ceiling. The 5 kg 
mass rests in equilibrium with one string with a tension 
T Newtons and inclined at 30° to the horizontal and the 
other with a force of S Newtons and inclined at 45° to 
the horizontal. Find T and S. 

tjU&G ^şJjAj jjJ Aj ûjljS j£\j <j(5 kg) Aj*jjU ^^SjjAj ;Ajjjj 
_e j^ SjflM >. a AjQ jP ejejj£_ia. JJ^ ^j ojIjjuAj ^^jISAjIjjS 

(f) (jjjS 4 j CIAj i^kj Aj ejtjuiej jIa 4j a£û(5 kg) 'CLjjIj 

LS^J^ (S) c?SjjjA Aj jLajJ (jej<J ej jJ U jj (30°) ûj jjjJ 

.ejejûjjAj (T) j (s) .>4j jj (45°) ^j Ö J 


Solution 



Figure 2.12 

Resolving horizontally j^jSkn^ ^jjUi aj 

Scos45=Tcos30 
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0.707S=0.866T 

S= (0.866 XT)t 0.707 
S=1.225T.(1) 

Resolving verticallvû^j^^ ^ 

Ssin45 + Tsin30=5g 
0.707S + 0.5T=5 x 9.8 

0.707S + 0.5T=49.(2) 

Substituting equation (1) into equation (2) 

(2) (j A jujjSjl &> jUJ j UjSjl &> <_£ejAjUU 

0.707 xl.225T + 0.5T =49 
0.866T + 0.5T=49 
1.366T=49 

T=49 + 1.366 
T=35.87 N 

S=1.225x 35.87 
S=43.93 N 



2.8 Parallelogram Law 


cJ^J jU^jj ^jSjLIiU ^lSejl^JAA 
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,jj4£öû diui jjJ V 0 ySa jUu)JJ ijASo JJA jj^ jj&A J .1 

•<JÖ jioî ^aAj 

(hidden line) ojljLi (^jIşa aj ^jjû j jja aj ^jjjAj ^a£aj j jin> 

AjAA ^><A^L} ^jjA Aj C-JjjAj jjLi>&öjji <jjj& öj cû j^LiA^öi jjji 
jj^öi c^ÎAj t.^jllA 4 S AjöjIj£ jjji öjjA jji ^Aj >C5 jj <jjjAj a£jj^. 

(origin) (c£"'-‘^Lj) (P) uM* °j ‘(PJûaa^ uj^ 

R û^ ûJ lSj^ j û^V^ ûJ 

OP=R 

((0)) <î 4 j£?jj ^l£ jjaAa o (R) jUJ j<j jajaJ >jAi 

.û^jjo^ Parallelogram .2 

. JjASû J jIÛlu A^öjLiuijj .3 



Figure 2.13 


R = jffWTFVT^^FÎFTcöröi) 






(r) ^lu&IjAj j£ :Cos0 
û^ (a) jû (3) jû ^4i (0) lsj^ ^ û (R) a5û^ a£ 

LS^J^ J^ û^ ^ (2£) 


Example 2.7: At what angle 0 
must the 400N Force be 
applied in order that the 
resultant (R) of the two ^ 

forces will have magnitude of 
1000N? For this condition what will be the angle 3 
between R and the horizontal. Figure 



70DN 


o 


2.14 

^ öj aj jj (N400) lSj& ‘^jx. (0) ^K*Aj$j'j^ :^J^ 

i^Aj uj*L^.j*Lö Jj cdmA (N1000) cSJ^ jji ^gL^uöjAj a£ 

? JjujU j ^LmöjAj (J JJ& jl jJJ <1 Cluj Llujöi ((3) 
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Figure 2.15 


R = V(F1 2 + F2 2 ) - (2F1F2 cos oc) 

1000 = V(400) 2 + (700 2 ) - (2 * 400 * 700 cos oc) 


4^4^ j j4j jj jjA^ö^ 4^4jau^jL& Vjj^j4A 

1000000 = (400 2 + 700 2 ) - (2 * 400 * 700 

* Cosa ) 

1000000 = [160000 + 490000] - [560000 

* Cosa] 

1000000 - 65000 = - 560000 Cosa 
350000 

Cos oc= — - -> Cosa = — 0.625 

56000 

oc= Cos- 1 (- 0.625) -> a = 128.6° 
a + 0 = 180 -> 0 = 180 - 128.6 = 51.2° 


2.9 Trangle law or Lame's equation Ch 

jA$ jA 











J(parallelogram) jU-uaj 

^£A^4 uujJ^ Cs^ Cs^ ^ Jj-A^ö^ C* Uajj^ j\j n jAjV 

Ll^ Aj J)l^4uuJ^uuJ <1 ^£<J ^vgJö^ töjöjlj^. (JA^^-jujj^ ^uuj öjö^)4uuj 





ijjjiAûJ jI£Aj Jj c^AjLjIj ^Aj j jJjNjoj 

F1 _ F2 F 
Sin(3 Sina SinQ 


35 










Figure 2.16 


( Û j 6 j'J^- ÛJÛj4juj) jjjjAûJjl^Lj 4jujj£jiuJ Ajjj ljÎ4j jljLii. ^CJA 


2.10 Tree dimensions 

Another commonod convenient method. For deter 
mining the component of a free Force purticulary in 
three dimensions. [For free force[. 

Y 

L$ û j4-y Jj J 2 LS 1 ^ lS ' 

4j ^jAjjLj 4j c1luAjj4uj ^^j^j jiA ^lSe j4-&Ij 

t 4jjuil jL <^jui 

aj 0 jiA jAj :(Free Force) c^ajjAjj ^ jjA 

jj öjA£ûjjJ ^ jj 

AjIj diljjjû^ ^ Û ^)J j û j4jjIjAj 

^CjI jjjeJ IajLI jj 4j L^j41 

.‘LLaAA 1^3jJj■ u jlj^J '/. QQ o jjA 

(z ‘y ‘x) j4 Vjfl^Jij 6^ ji LjI£ jj-aa Free force 



Figure 2.17 


Y 


Example 2.8: Determine three 
components of the 350N forces. 

• û J Û J Û jj*^ ^*350N ojiA 4£ej4j£jj ^jj ;4jjxj 
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Z 


4cm 



















long of F = J (Fx) 2 + (Fy) 2 + (Fz) 2 

Figure 2.18 

= V4 2 + 5 2 + 3 2 = V49= 7cm 

Force 

Scale = i-- 

length 

Scale = =(50 N)/(cm) 

7 cm 

Fx=4cm *(50 N)/(cm)=200N ^ 

Fy=5cm *(50 N)/(cm)=250t 
Fz=3 cm *(50 N)/(cm)=150 / 

Check: 

R result = V(200) 2 + (250) 2 + (150) 2 = 350 N 


(_£ûj4_ij jjJ (jljl^ öjojlji (jV (JûjJjÛi jLajl^Luij^ 

.dilSoJ Fx ‘Fy ‘F2 a£ajjAa 
• û j^-yjj^ Fx ‘Fy ‘Fz ^jCjL j-u> ^aj jaaj öj 


Fx=F Cos 0x 
Fy=FCos 0y 
Fz=FCos 0z 
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Example 2.9: A: 

Find the two 
rectangular 
component of the 
350N force. B: 
Resolve the 350N force into two component one along 
AB and the other perpendicular on it. 

Figure 2.19 

(350N) <>jj& ^j 4 -^ :A :^j*j 

ûj AB lSjLP ^ j4-&j jji Jj a£ ö (350N) ®jja 

.(Jj^joAÎ jjioAj jljjj <Jûj4j 

7a 


B 



Fx=F Cos 40 
=350 Cos 40 
=268.11N ^ 
Or Fx=FCos50 


Fy=FCos50 or 
Fy=350Cos50 or 
Fy=224.9N 4, 


y 


Figure 

2.20 

Fy=F Sin 40 
Fy=350 Sin 40 
Fy=224.9N 4/ 
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tan0= 


^ 0=32° 


125 
200 

B: 

350 _ P _ T 

Sin90 Sinl8 Sin72 
T=350 * Sin 72= 332.869 

P=350 * Sinl8=108.15 


Example 2.10: Determine the 
rectangular components of the 
20KN force F. 

ö uA , ö '4J 

o ****** ** -V **** • —S 

.6jojûjj^j a£ö (KN20) 


2 


(ong of F = V(30) 2 + (20) 2 + (25) 2 

= V900 + 400 + 625 
= 43.8 cm 
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Force 


Scale — 


long of F 


=43.8cm/20KN 


Fx=30cm * 20KN/43.8cm =13.6KN 
Fy=20cm * 20KN/43.8cm =0.9KN 'f 
Fz=25cm * (20K N)/43.8cm =11.4KN / 


jAjjj l.}4jljj.} ^»4j jLa. c£Î4j Lg-jAj 
i jjA^Aj ÎAjl^A^L^. ^JjS <î Lj AjI 

tejAjjjjA^j jjjljjLj A^jJ ^^feijLa. 4£ijj*. 
.<Jj4£La. i^ÎAj ^jjS jj CjAjljAj 


Example 2.11: Determine a 
set of three rectangular 
component of the 170lb 
force in figure 2.22. 

Cs^ L$' 

ejeje jj^j (|bl70) <_S^j4l£V 

M{2.22)^i jAÎ 
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Figure 2.22 


long of F = y/ (Fx) 2 + (Fy) 2 + (Fz) 2 


= V ( 12) 2 + ( 8) 2 + (9) 2 
= 17 ft 

Scale = — =10 Ib/ ft 

70 

Fx =12 ft* lOlb/ft =120 Ib -> 
Fy =8 ft * 10lb/ft=80lbt 
Fz =9 ft * lOlb/ ft =90 Ib / 


Example 2.12: determine a set of 
three rectangular components of 
the 170lb force in figure 2.23. 




9 
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6J6J6 jj^J (Ib 170) <J 6^ L$\j££ /<jjAJ 

2 . 2 ^ 


long ofF = J (Fx) 2 + (Fy) 2 + (Fz) 2 
= V ( 12) 2 + ( 8) 2 + (9) 2 

= 17 ft 


Figure 2.23 


Scale = 


force 

length 


170 

17 


= 10N / ft 


Fx=10 * 9=90 N-> 
Fy =8 * 10=80 Ni' 
Fz=12 * 10=120 N/ 
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2.11 Resultant of force system 


<Û<Uj£ 



2.12 Concurrent coplanar Forces jUûjjlûAl^Ub oJ ja 



A 

concurrent force system 
is a category of force 
systems wherein all of the 
forces act at the same 
point. 


jjIulA5L£4jAj ^^iöJ jjA AiA-a 
jjAJb 1—:Lj jl^ö jiA aJAjj£ ^SLjj jş. AJ Ajjjjj Ui^AjjjjjIa 

_ jU. jLaAA AjA^öJjI^ jl^öjiA 


Figure 2.24 


2.13 Resultant of a non-concurrent coplanar force 
system. 

.U^Aj jjjjU j1wu4^USAj4j ^£jJjA AJA_a jS ^aLşJûjAj 
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F2 

jU ^L^Jö^Aj öj 
jLujIj R CljJjA£öJi ClbuJöJi 

jj^ <S F1 4 F2 ^j ö ^ 

jjA tiÎAj jj ö jljj^ öjöjjA 

(jiöjj& ^a4j ÖJ 4Ö R A£ 

Jj (jrXJ^ F3 <J^] 

# jJ<£ö^ ClbaJjJ^ 


jj^ jAA Aj jLujLj 
(^IjjjjAjV 4£*LöL^jöj4j 
^Aj j-A^ö^ CIlujjj^ 
iöjûjlj^ ^şJAjöjIU 


Figure 2.25 

2.14 Resultant of a concurrent non_ coplanar force 
system: 

JljL^ JaIAjjjj jjIJuA^LAj 4ÎUj£ ^LşJûjAj : C 


jjjAA <î öj I.^4j4j jaJ jjjAA <î 

jl£ö jja jU ^a£aj jjöJ (1 ^£jjU^jj) 

.(jr^J 4 -^ jt Öi^i 

£Fx= F2x + Flx 
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ZFy=Fly - F3y 
£Fz =Flz + F3z 
(RT) 2 = (Fx) 2 + (Fy) 2 + (Fz) 2 


Figure 

2.26 


2.15 Resultant of a parallel non coplanar force system. 

. daA jjjj v ^jiA AiuJS 


RTy=Fl - F2 + F3 - F4 + F5 
RTx =Q1 - Q2 - Q3 
RTz =- P1 - P2 + P3 

jAA (JAILujI jU Aj jiA j<J 

jLb l_Ljö jjj <j (x ty «z) 

i. a ''ld ‘k V' j4j|j4_a_Lş 4 j 4^ ^4j| j4j 
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3 


12 


Example 2.13: Resolve the 
130lb force into two 
component one along AB and 
the other parallet to CD. 

Figure 2.28 

jj^ j} a£ 6 (1301 b) ®jja 

.(CD) û^jj ûj (AB) 



_ 12 

tan 0=— 

5 


e=tan_1 (H) 

0= 67.8° 
tana= — 



9 


a = tan 1 = 36.8 

Figure 2.29 


A=180 - (36.8 + 67.8) =75.75° 

130 _ FAc _ FCo 

Sin36.8 Sin0 sin2£ 



















FAc=130 


* s i n ® 

Sin 36.8 


FCo= 


130 SinX 
Sin 36.8 


126 

0.59 


120.36 

0.59 


=204 lb 


=213.55 Ib 



Example 2.14: Resolve 170N force into 
two component one along AB and the 
other parallet CD. 


jj a£j (170N) l$j& 
cjejA^ öj (AB) tijJj^ ^ 


Solution: 



.(CD) 


Figure 2.30 


jUAA ,4 j AB L$ JJJ^ ejjJjS jUkiiÛ ^öjAjSjj jAj 

ih CD ^j^ ^j j 6j .^4^ AB l$ (slope) 



170 "» 


\1 





















jU <_£4£4 JjA Aioil (J slope (J jV (jLAA IjAj a£jJ ^Sjlfo AJail^ 

^jAjojAJ jj jjIiuAj j jA^Aj ^»VAj .ûjjJjS jLftlAjjjûl A^ jojAj^jj 

^jjjoû jb slope 'jAj 

AjjxV j JJA ^ a£ jU^jj Jj jI£jU jJjliU Ic^jjjjj 

j£ cjr" 1 ) 

A;Ull 
ot; UKj 
0 : U-1j 

Figure 2.31 

j 11 ui jjj jj jUjA j (jjjUjj lûAlişjj aJ AjUjj ^Aj l^^jjjjj 

; jjA^oJ jUKljj U^Aj û jjA ^ui ^Aj 


Tanp=- 


Figure 2.32 

(3=36.8 


F FSmS6.8 



. 8 

tan a=— 

5 

a=28° 


N170 


170Cos2S 


C5^V“. 2 



I70 ,fr 


1 TOSinSS 











TanX= — 

12 

£=30° 


Figure 2.33 


pj^.3 


Figure 2.34 


P w SinSO 


F~cosSO 



2Fx=170 Cos28 =F Cos36.8 + P Sin30 
£Fy=-170 Sin28 =F Sin36.8 - P Cos30 


150=F*0.8 + P*0.5 -(1) 

-79.81=F*0.59 - P*0.86-(2) 

Adding equation (1) and (2) 

229.81=0.21+P* 1.36 
P=168lb 

150=F*0.8 + P*0.5 
150=F*0.8 + 168*0.5 
F=82lb 
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Example 2.15: Determine the 
resultant of the five paralled force 
shown in the figure 2.35 and locate 
its position on sketch of the 
coordinate. 

jl j jjLjjj (j ^cjjj (^g-aLşje j<j ;4jjjj 

(j4£4jjjjj ej ejejejjAJ 2.35 LS^-^J 

.A^Ajljjjj (JjI£]jA j4juAJ (jjjL 
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Solution: 


Figure 2.35 

Z-axis <} jli* * jj*^ 


R2=+ 220-50-40-80 + 20 
70= Ib 

(jjejeû Aj e j<S4j4j a£û jjA ^ûjj jAA (jjje j=lû y (j jjoû 4 j R 

.b y 

ny=F*s 

* 70S=- 80 * 1 - 40 * 4-50 * 4 +20 * 2 

* 70S=- 80 -160 - 200 + 40 

* 70S=- 400 
S =5.7ft 

5.7-=eje y (je jöj4j <î (JASAjjjJ 

(jASeJ (JjLp 5.7 ûje(X) ^jJjA j4-uA J 

rix =70 * L=+ 40 * 2 + 80 * 2 - 20 * 5 
70 * L=80 + 160 -100 
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L=0.2 


Example 2.16: Combine the two 
forces P and T which acts on the fixed 
structure at B into a single equivalent 
force Rl. By Geometric and algebric 
solution. 

Figure 2.36 



V 


ejA^ jAj Aj A^eJ j\. £ A^ ejejA£ jj£ ("|j j (p) jj& jjJ |A_j jaj 

.R1 tBy LjjlA a£Ij jj (B) aJ jjAa. jejl-iiAj Aj A£ej£jş. 


It's solution by first method: 


BD 6Sin30 

tana = — =- 

AD 3 + 6Cos60 


= = (0.805) 


0=40.856° 


R^y/800 2 + 600 2 — (2 * 800 * 600 cos a ) 

R=7640000 + 360000 - (960000 cos 40.856) 

R=524lb 


It's solution by second method 

£Fx=800-600Cos40.856 

£Fx=346lb 





[û) 
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T 



















£Fy=-600Sin40.856=4921 b 


R=523lb 


»00 lb 




tan0= 


392 


346 


0=tan 


392 


346 

0=48.56° 


Figure 2.37 


Example 2.17: The force P is applied to a small wheel 
which roll's on the cable ACB knowing that the tension 

in both parts of 
B the cable is 750N 
determine the 
magnitude and 
direction of P by 
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using Lame's equation 


jAuAÎ o jAÎjÎj^ûû aS tiîj^j jii. jAuo Aiûjlji. (p) j jl& ;4j jaj 

.0 (N750) ' ija£aJa j jûjAa <î j'jJ* a<, 0 jljjl j (ACB) jg. 

jl£<J Aj ÖjÖJÖjjAj (jAjjuJjU j JJ 

Figure 2.38 .^V 


0=45+a 

Angles of tringle =180 c 
180 =30+ 45+ 0+ (3 
180 =75 +0 +(3 
105=0 +P 
lO5-0=(3.1 


750 


750 


Sin75 Sin(3 Sinö 

Lamise's equation 


750 


750 


Sind 5in(105 — 0) 
750 750 

(; 


B 



^SinO SinlOSCosO — SinOCos 105 


) 


Because Sin(A — B) = SinACosB — SinBCosA 


SinO = SinlOSCosO — SinOCos 105 
^JÖ jU 


jj^ j V jj^ 4 j 
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SinO = 0.9 CosO — SinO * (— 0.2) 

SinO = 0.9 CosO + 0.2 SinO 

SinO — 0 2Sin0 = 0.9 CosO 

0.8 SinO = 0.9 CosO 

0.8 SinO 
--— = 0.9 
CosO 

0.9 

0.8 tanO = 0.9 -» tanO = —— -> 0 = 49° 

0.8 

P = 105 - 49 = 56° 

0=a+45-» a = 0 — 49° = 49 — 45 = 4 

P _ 750 P 750 

Sin75 Sin|3 Sin75 Sin56 

—= 914.63 -» P = 883.4 N 
Sin75 


Example 2.18: Determine x ‘y ‘z 
component of the 26lb force and 
the moment of the 26lb force 
with respect to the a-axis ‘and 
find the result of the 26lb with 
20lb. 

lS (Z)j (y) j (X) :<jj^j 

lsji O °j ^ cSjLp (261 b) 
ö j (a) cJ û j 0^9 (261 b) 
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.ûjö jo jjoj a£û (201 b) (261 b) cs-*LşJû j*-t 

Figure 2.40 


Long of 20lb =^J~Fx^^¥y^~^¥z^ 

=Vl2 2 + 4 2 + 3 2 
=13 Ft 

Scal=— =2lb.ft 

13 

Fx=12 * 2=24lb -+ 

Fy=4 * 2=81 b t 
Fz=3 * 2=6lb / 
naa=8*5-6*(4*3) 

=40-42 =-2lb.ft 


Resultant of all forces: 
£Fx =24 

£Fy=-8+20Sin52 

IFz=6+20Cos52 

R= 

Force F as vector * F=20 
F= + 24i - 8j + 6k 
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Example 2.19: Two forces are 
applied to an eye braket as 
show in figure the resultant R 
of the two forces has a 
magnitude of lOOOIb its line 
of action is directed along the 
X axes if the force F1 has a 
magnitude of 2501 b ‘ 

determine .l.The magnitude oftheforce F2. .2The 
angle(a) between the X axes and the line of action of 
the force F2. 



Figure 2.41 


jl^. aJ aS ja_i ^ûl j) iS jl^ ^SajaJjaS jj I jjl.} jja jaj 

10001 b LS^ jjL töjLp liA£<jjj a! L’kj (L1 ll^.öL 

(JjjA jA£<j X iS ö J öö jl j^ AlLoj^U jl£ JiA ^AjAA 

l?^J^.2.öjöjöjJ^ (F2) c5^j^ (2501 b) lS^? (Fl) 

.ûjûjû jjpi F2 ci lsj^ j (X) ci e J ö j^ û'j^ c^(a) 


' j_' 'JjA ■ ^ I^jAjuAj (JAjoj jS_1uj (jLujÛ j jjjSûJjûj ASA_ujjS_1uj 


Figure 2.42 

R _ F2 _ F1 
Sin0 Sin38 Sin oc 
1000 F2 250 
Sin0 Sin38 Sina 
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Angle of triangle=180° 

oc - 0 + 38=180 -+ 0=180 -38+ a 

a) - 0=(142 

1000 _ 250 

Sin(142 — a) Sina 




250 Sin (142 - a) = lOOOSin oc (+- 250) 

Sin(142 — a) = 4Sin oc 

Sinl42 Cosa — Cos 142 Sina = 4Sina 

O.ölCosa — (— 0.87 * Sina) = 4Sina (+- Sina) 

Cosa 

o. 61Cot oc + 0.87 = 4 note: —-= cota 

Sina 


O.ölCot oc= 4 — 0.87 

1 1 

O.ölCot oc — 3.21 Cot oc— 5.25 —> — -— 

Cot oc 5.25 

tana = 0.18 -+ oc = tan-^O.lS) 


oc= 10.°75 


1 

note: —-= tana 

Cota 


F2 


250 


Sin38 


F2 = 


Sin oc 
= 825.llb 


250Sin38 

Sinl0.75 


Example 2.20: Two forces are 
applied to angle bolt as shown in 


S.50KN 
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figure 2.43 Determine. A: The x <y and z Scaler 
components of force Fl. B: Express force F1 in 
Cartesian vectorfrom. C: The angle a between forces F1 
and Fz. 

Figure 2.43 

2.43 j^j 'd cdoj j jLa- ^ajjc. jj j4_u) Ajtjjb jiA jjj /4_jjjj 

<j :B.6jöjö jj^ XI j Z ‘y ‘X c5^^ e J^0 ^J 4 -^ :a : e j^ 
û'jjj ls (a) cJ^j^ :c.» jsj®- 3 jjo jjjjlS ^jj ^ujjU cjûjjû aj F1 

.ûjojûjjûj (F2) j (Fl) cr^ e jê* 


A: Force F1 
F1 =30KN 
Fx =5m 
Fz=lm 
Fy =-3m 

Long of F1 = V5 2 + l 2 + 3 2 = 5.91 m 


Scal = 


50 


5.91 

Scalar component of force F1 


KN 

5.07- 

m 


Fx=5 * 5.07=25.35KN / 
Fy=3 * 5.07=15.21KN 
Fz=l * 5.07 =5.07KN t 
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Cartesian vectorform to Fl: 

B: 

Fl=25.35i - 15.21j + 5.07k 


C: Force F2: 
Fx=2m 
Fy=3m 
Fz=2m 


Long of F 2 = 
50 

Scal = ——— = 
4.12 

Fx = 12.13 * 
Fy = 12.13 * 
Fz = 12.13 * 


V 2 2 + 3 2 + 2 2 = 4.12m 

KN 

12.13- 

m 

2 = 24.26 KN / 

3 = 36.39 KN <- 
2 = 24.26 KN î 


£Fx = 25.35 + 24.26 = 49.61ATW 
£Fy = 15.21 + 36.39 = 51.6 KN 
YjFz = 5.07 + 24.26 = 29.33 KN 


R = FWxyT(Ê/yyT(ZFz^ 


R = 77.35 KN 

R = V(F1) 2 + (F2) 2 + (2FlF2cos oc) 










77.35 = V(50)2 + (30)2 + (2 * 50 * 30 * cos oc) 
a = 30.5° 


Example 2.21: The riveted bracket 
support two forces as shown in figure 
2.44. Determine the angle 0 so that 
the resultant force is directed along 
the positive x-axis. What is the 
magnitude of the resultant force? 



70Ib 


60lb 


1 


Figure 2.44 

2.44 4Î UÎej djjjSoJl^) jiA jjû 4Sû jl j£l^j4j <j| j<S ;<j jaj 

dijj£j <luiljlj AS'LaLaJe j/Aj û jjA <_£û jA. j jj ûjûjo jJJj @ (JAjjj£ .ejLp 

_ûjj<^ ^LaLijûjAj (_£ jiA x L$ b o b <_£ jjjû 4j 


4jI j 4S ^ijjA^jj X (JAjjjI jlj Aj R 4S ^j4jjjj aSûjLljjjAÎ 


£Fy=0 ‘XFx=R 


£Fy =60Sin30 - 7OSin0 
70-30= Sin0 


V 



60 















30 =7OSin0 


^ *Fy=0 ^ 

Sinö= — -> 0=25.37° 

70 

£Fx=R 

60Cos30 + 70Cos25.37=R 
R =115.2lb 


Figure 2.45 



Example 2.22: Determine 
the resultant of the 
concurrent, coplanar force 


/O/^ system of figure (2.46) 



Figure 2.46 


+-» £Fx =Rx 

= 200Cos36.86 - 390Cos22.61 

=200=160 - 360lb=-199lb=199 Ib tan0=— 


12 


tRy=ZFy 


0=22.61 
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=100 + 390 Sin22.61 + 200Sin36.86 
=3701 b t 


tana=% 

x=36.86 


R = ^Rx 2 + Ry 2 
R = yj 199 2 + 370 2 

=420.61 b 


IOO ,b 



Example 2.23: Determine 
theresultant of the concurrent, 
coplanar force system of figure (2.47) 

io ö^jA aÎLo^ j 

(2.47) $ ^4 ^4 i^4 ' 
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Figure 2.47 

+->Rx= £Fx 
=200 - 250 Cos45 
108.5lb^ 

t+Ry=IFy 
=200 - 100Sin45 
=41.42- Ib 
=41.42lb\|/ 


R = y[Rx* + /?y 2 

R = yj 106.5 2 + 41.42 2 
R=116.3lb 


Example 2.24: The 125 Ib force 
is the resultant of the two 
forces P and two Q Shown in 
the figure2.48. Determine the 
magnitudes of P and Q. 

Al Ajjjjj a£ö( 125 Ib) ûjjA 

^aSajjI^Jia a! a£ (q) j (p) j jiA jjj 

^? (Q) j (P) 

Figure 2.48 
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o 


tan6= 0=53.1° 

3 

tan|5= ^P=22.6° 
+^Rx=£Fy 


125Cos53.1=PCos22.6 -> 

125COS53.1 


P= 


COS22.6 


-=81.29lb 


+tRy=ZFy 

125Sin53.1=Q-PSin22.6 


Q=131.19lb t 



Figure 2.49 


.ÛJ^ (ikjûjiûAj 

Jj J4J jj ^lj'U töj^jjj^ (ikjûjjj^b öj 

(t^£) 


c^jj djU CjSjjjj lj<U t<Jjj ÛUjAS 4j Cjjja ^jn^i jA^Aj 

ujûJ öjjj j4j ujjJ (iljjjj AjLuIj 

■ «♦ «♦«» vi» v * *♦ «»s/vv ♦ *♦ 
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Chapter 3 
Rigid bodies 


3.1 Moment Or Torque 


Ji O 


The moment of a force with respect to a line 
perpendicular is the product of the force and the 
perpendicular distance from the force to the linear 
moment axis. Moments have primary dimensions of 
length xforce. Typical units of moment are foot-pounds ‘ 
inch-pounds ‘and Newton-meters. 



I 


5 
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Figure 3.1 

l*i =F * S=N.m 


û_^.öj ^j^ (_^Aliuil^lj Aj 4<yU .* *La4j 



(jl_u&Lş lj jJö_j <1 La_(jjjjj ^V^J (JI jjuiiJ ^jj'La^jjjjjj j^^gjjjjj 

.J JJ^ <J 

ri =f * s 

U ö jAlll]J^-Ö^ jiöjjl^ ^-S-Lû (J*Ul jAj^Jjj Aj 4£j!&Ljaî AjsAIi 
<S A£^JLk <j jjj^ * j^ AjI£ö^ jl jfLjjLp ^iLiiLk a 1 jjöj jj 

t b jA£öjjA 

JJ^J J> 6 J^Vja. <_£öjöj4j Aj JJJ ^JJjAj kiljjjA jAA I^^jjJJJ 

lS moment j ^jjj 
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The force is inclined according to the rotating axis; it is 
resolved into two components. FCos0 has no moment 
because it is parallel to linear moment axis. 


jjj jj I (jAlnjJû _A£ej<jVji. <_£eje J^ ^öjjjS ^ JJi J^ A£e jiA 

jjpj^j ^* j^j^ FCosG . 

A^ejAjVj^ (_£ejejAji Aj AjjjAj 


Example 3.1: Determine the moment 
of F1‘F2‘and F3 aboutlineAB. 


Aj ejeJöjj^J F1 ‘F2 ‘F3 L$Jî°j :<jj^j 

M (AB) Jj» (jjjeû 



Figure 3.3 

pi of F1 about line AB=F1 Sin0*a 

And FlcosG has no moment because it paralle to linear 

moment axis. 

JjA cJejejAj jj AjjjAj A^jj*. Ajj cJjJej (F1COS0) :1 

ASejJe j 

IjaSaJî jjjjjo ^jt^AjV jAjuoaJ ASjj^ jjV F2.F1 jlSejjA :2 

# jjjjûujj IûASaJÎ jAjj.j (jVAj j Ajj jV A^ F3 *—j jj'l>*m j jjAj 
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C $Jt°j ^JJJ! Aj tiîjjjA jAA ;3 

F2Cosx has no moment because it passes through AB. 

. 6 j_AAûL; |j (AB) ^jf tsjpj (F2Cosa)/cr^ 
l*i of F2 about line AB=F2 Sina * a 
and F3 has no moment about line AB. 

M (AB) lSjj^ L$j*j (F3)/cr^ 
(line) lsjj ^ ûA (point) ajIaSu ^jj^ <î Ck jt O 

Igj^j IûûjIj ^aJ cjjj IjSilll (Jjjûû Aj aSûjjA jASAj ;^ûjjû jIj 
^ gjlSûjlj jjxAA AJ AjIj A_ij (j jjo j IjAj jjJ jA-ijj I JASaJI^. Aj jA^Aj 

L$ Ji b j 


Moment of F1 about point A=F1 Sin0 * 3 

=F1 Cos0 * 3 

Moment of F2 about point A =F2 Sina * 3 
And (F2 Cosa ‘F3) has no moment about point A. 

.'j (A) l$jj*± ^ ikji b j (F3) b j (F2Cosa) :cr^ 


3.2 Principle of j& jji »J 

Moment of Force 

The principle moment of a force as applied to a force 
system states that moment of the resultant of the force 
system with respect to any axis or any point is equal to 
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the algebraic Sum of the moment of the forces of the 
system with respect to the sum axis or same point. 


AS diLköJ (jjoi 4 c£]j jiA aI'LojS Jj ejl jjjJui AS udöjiA jjö j (jLaAij 

jAA i^IAjojöjAj jAA (_£ö jjj£ Aj ASo jiA aIAjjjS ^^-aLaJo jAj jjö j 

jLaAA (JöjjjS Aj aSAjUjulIui ^^ilSo jiA jjö j jS Aj AjLuiSAj c£ÎiIl A 

.(jLi. jLaAA jlj ojojAj 


Example 3.2: Determine the moment of the 260N force 
with respect to point A and line AB when: The force is 

resolved into it's 
components at point 
D .The force is 
resolved inti it's 
components at point 
C. 

öjjA jjö j ;<j jjzj 

(AB) <i °j (A) <i ûjûjöjj-i? a£o (260N) 

.2 .'^(D) "d J 4 -^ jj^'j^ cJ^V 1 ^ûjjA.l :<iîiil£ 

^gilSejAjSjj jj dûjl jS (JajjuÛ a£o jjA 

Figure 3.4 
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l.pi of point A =- (260 Cos22.6 * 2)- (260 Sin22.6 * 15) 

y 


pi Line AB=Zero 


[) AJ aSo jj& (jLaAA 
jjjSeû jAJt> a jS jUkliLi 


jAjuoAJ û jiûi jLöAAAj j 
j a £ eJ1 lS^ C). 2 ) JLl 
.jjASûJ JajjÛ 



Figure 3.6 

p=of point A=-(260 Sin22.6 * 3) - (260 Cos22.6 * 7) 
pi of line AB=Zero 


Example 3.3: determine the moment 
of the force system with respect to 
the point 0 and A? 


^_ÎLk (JûjjjSAj ASo jjA Ak-ajS (j jjo j ;Aj jaj 


;ojojû jj^j (A) 6J (O) 


A 



70 
































Figure 3.7 


Solution for point: 

+0^1 of 0=F * S 
=5 * 10 + 5 * 20 + 5 * 10 
=50 + 100 + 50 
=200 Ib.inch 



(jAjjjûi jjlSo jjA dÛJoJ jU ^a£Aj 
ojAilSo (point) jlSAÎU. aJ jl£o JJA (jAiSjj ^-4?^ jW“ f e JJ J 

. ö j ö j0j^ 


Fromtriangle (OMN): 

MN 

Sin30 = — -» MN = 5Sin30 = 2.5 
ON 

Cos30 = —- -> ON = 5Cos30 = 4.33 

kJ 

From triangle (OPQ): 

PQ 

Sin30 = -» PQ = 5 Sin 30 = 2.5 

OP 

Cos30 = ——> OP = 5 Cos 30 = 4.33 

kJ 
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From triangle (OKL): 

KL 

Sin50 = — -» KL = 5 Sin 50 = 3.83 
OL 

Cos50 = ——> OL = 5 Cos 50 =3.21 

kJ 

Moment about point A: 

+Ö pA = 5Cos60 * (5 — MN) — 5Sin60 * ON 

+ 20Sin40 (AO + OL) + 20Cos40 * KL 
+ 10Sin60 (OP) + 10Cos60 (AO + PQ) 
+D pA = 50Cos60 * (5 — 2.5) — 5Sin60 * 4.33 
+ 20Sin40 (5 + 3.21) + 20Cos40 
* 3.83 + 10Sin60 (4.33) 

+ 10Cos60 (5 + 2.5) 

+0 pA = ( )Ib. inch 


Example 3.4: Two forces P and Q 
are perpendicular to the corners A 
and B of a squar plate ‘as shown in 
the figure (3.9). Determine their 
magnitude (P and Q) and the angle 
(3 ‘knowing that their resultant R 
has amagnitude 120N and the line 
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of action passing through point D and forming an angle 
0=30° with horizontal axis. 

Figure 3.9 

l$(B) j (A) Jj (Q) j (P) JyA jjû ;<jjAj 

.'^(3.9) cs^-yj ^ û j'j^^ ^j j^> ‘^j^j'jt Ls^^ 
(R) a£ ûjtjjt j .a£j (jjU^ ((3) j (Q) j (P) 

oj Cj' jj^ol tj (D) tj'&o jl£ (^Ija û j ajaa <j(120N) cr^jj 

.Ij jjuiU jt>j& jAj Ja£aJ <Jjl£eL lIujjjj (0=30°) ^jaU j£ 



+^IFX=R X 

120 * Cos30 = QCos(3 + 

P.1 

+tIFy=R y 

120 *Sin30= QSin(3 

60= QSinfB.2 

jjû j jt jjt jAj ^ jaIaj I^^jjJJJ 

. ajaa eje(moment) <j 



(jUejjAj ejAj jjjAA jUaAjuûjSjlA 


Figure 3.10 

Taking moment about point (A) jjj^ jt »j cr^J^J 


+0 M a — 0 

(120sin30*d) + (P * d)=0 
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.û^ 6û (d) ^jj^ 



P=120sin30 
P =60N 


From Equation (1) 


Ö y\S,A-i i^A Judj£ jLi> 4J 


120 * Cos30 = QCosp + P.1 

120*0.86=QCos(3+60.2 

43.9= QCosp.1 


Equation (2) divided by equation (1) 

juI jIa 

60 QSin/3 


43.9 

60 


QCosP 

Sin/3 


60 


= tan (3 


43.9 Cos(3 43.9 
p=tan _1 1.36 =53.8 

tiKjja. 

3.3 Couples 

A couple consists of two forces which have equal 
magnitudes and paralled non collinear lines of action 
but which are opposite in the characteristics. A couple 
can be moved to any location without affecting the 
equilibrium requirements. 
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4 j (jjjjAj oj AjAA (jljjj jLa<A a£ ojjjI$£jj jiA jjû <î »ikjjş. 
jÊIAjjş. j jj£<j ^j 4 ~'l ^4 i ' jbjU^UjL j (_JjA c£Î4j j4_ui 4j j4Ub ^aV^J 
j4jj 4j1^jj\£ (Joj4jjj4j4£jJ ^^fLjjjb jj Cjjjjjlj^j Ujjjjl jjoJ 

-C5 £j4ujjU ^UAjjuJjjj 



lThe magnitude of moment of the couple <jj *j jjî 

<jÎ4j ja. 


pi=Force * pendicular distance 


^jIj (jjjj* jjA=jjo j 


jLa4Jb4j jjj(couple) ' i '-îlj (JjJ^4jjjş. Î4bojj4-& oj 4_AA (jjJû j jiA 

.4j4a (moment) j ^jjo j » jp 


2. We can change the magnitude of the couple but the 
moment must be constant. 


a£öjjo j 4jujjjj ^V4 j jJjj^J (couple) *j'j ^ÎAjj^ cijj Û^'j^ 

o j4jI5jaj (j jj^4j 4 j 4£o (moment) j 


cs^-yj 4Î f V4j jjS cj couple ' ^ •• 1 *' —j4^4j . i_-,' 

,(jjojlj <j4£o moment '^£4-yj ^ Ij4j jjj4j couple '^o jj 
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3. The moment of acouple does not depend on the 
position or orientation of the moment axis such as it 
means the moment is the same for all axis 
perpendicular to the plane. 


AS ASe jje j (je je jAj (JAjjuijIj j j4_uA1 Ajjj Jj4_j <jkj ja. <_£ jje j 

ji jjjjuAj jl^ejejAj jjjAA jj AjjuÎ jLaAA jib j AjI j (jLiLa 

jl ^,4 'i-\4 J J J 

d d 

n aa = + F1 * — + F 2 * — 

1 2 2 

pi aa=Fldl Because F1=F2 


ria'a=-SF2 + F1 (S + d) 

ria'a' =- SF2 + SFl + Fld Because Fl= F2 
na'a'= F1 dl 

4. The unit of the moment of the couple is the same of 
the unit of the moment force. 


^gjjjSAjlJjj (JA£Aj jLaAA jAA ijkjja. JJe j ^jjS 4_iljJJ ijA^A^ 

. e LSJt* j 

.ejAjjA^j jS jAj <jkj j4_uAJ jlSASAjjş. ^jjje j jjjljjej ,5 
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Example 3.5: Calculate the moment of the 250N force 
on the handle about the center bolt. 

aj jLöjjAA (N250) <_£j^& (jjjoj j-b 

.I.m£ojC. jj 


250 N 



Solution: 

Fx=250N * Sinl5=62.5N 
Fy=250 Cosl5=240N 

jjUl^jujjj^ (jjji * jjl^ojiA=b (0) jLk ^jjoJ <j jjö j jS 

Xn about point 0=Force * prependocular distance 
=- F * 30 + Fy * 200 
=- 62.5 * 30 + 240 * 200 
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=-1875 + 48000 
=46125 N.m 


3.4 Transformation of a couple 

jûjAJIuj! 

Resolution of a force into a force and couple 

J ^JJ û jj^+? <jr“° JJ^ jiA jjJ jjAA (jUlpCi jAÊAj 

: Cjjja£ûûjöJ !û4j<ijAj ^aJ ^jj^ ^TTj^. 


Example 3.6: Replace the 600N force by a 
force through A and acouple whose act 
vertically through B and C. 

!j (/\) aJ (ilijjA Aj ojj^jj a£o (600N) ;Ajj^i 

.Ij (Ç) j (gj jli aj t-K ;j K <j <£ t^Jj&Ci 6 j 


1 5cm —^ 

C 

A 


T 

8cm 

± 


■> 


600N 
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dmjöAjta IajUj , v Jj , v -j CLlojA^^jj ojoj , v _Jöi 41 Luj ^ û J S5Lu 'CluLû a£ 

• **** ** ** ** •; **—✓ O * ** * ■ ** 

Figure 3.12 


# Clj|jj^J li B-C ^ jlLuJ L? j^. j tiljjiA Jj ö^j£-J ÖjiA ^a4j 

.cJj^j^-jj ö j^Lij ^ AlLuujjj 4 -jjI^-^L 
Aj öjöjj (jLöAAAj Ij4j /\ ^JLi* <S c^IjjjA jj öjj^j A^öjjA 

.(jAUJ li j^. c*Söj li /\ ^JLk <S AILujIjIj ^jLöAA 

<j4j| jAj^jj ö j (jJJJö*ljli lilLk (jL<A& a 1 ^jj ^jLûAA 4j jjA ^jLûAA öj 

# öjIj (jLali aS a .S ^aSaj ^<£û J)iA ^aUjU 


Solution: 

Figure 3.13 

ûj UIAj 4 j AjjjAj û jiA jjû ^Aj 

‘vj.V^ jL*.jL^AA 

ûj (jSAjja. J ÛJjSAj (jAjl jAajj 

.ajaa jb moment 

ri=F * s 
= 8 * 600 
=4800 - N.cm 





couple Jj (jjjjO eJ ‘^Uaa l^ejjj ^aJjj aJ a£ (ja moment j^ 

_ I AaAjjjuo (jAjjj AJ 


ojlib jU ^a! 
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n=F*s 

4800=F 

l__ 4800 
5 


* 5 

=960N 



r c «50lb 


Example 3.7: Replace the 
50lb force shown into: 

.lforce at point B and a 
couple .2 .a couple at point 
A. 

ASojtjojLijj o (501 b) 

oj b (B) tiJjjjA.i; jj ojjSL j 

.b (A) j^..2 .^LS^jjş. 


Figure 3.14 

AjIJ dujJöûb j^ jJjuo 4j IjAj I jjta I^Lk JJ^ a1 (iljjiA jA£a! * 

nJ/^ AjdjLÎ^ 

^Ljö jJjÛu ^Aj (jl-j 

b j^öj (jö jjjoi Aj LlujöJi Ijjb I^ÎLl c^Uj <S <iljjjA ja£aj 

Cjj ujj 
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Figure 3.15 

pi =50 * 20 =-1000 Ib.in 

tyjijjlû jjo j IJU. i^Kj <î ÖJ ta B JUaJ J öJ> 

L_LjjAj j (jLud£<J jjA JJ^ öjAj B i/\ ciLj l*l!Li> JJ^ 4-1 4 -)ljJjj j 4 ^ 4 j 

.L<ota jLûAjjujI^L ^l j^ij ö j 



d0Cos30 


F c m50lb 


M/ 

50Sin30 


^ÖJJ^ (J jl£ljta .2 


jLû^j^Ajj^. (j jjöj jA£<j 
jIj^Ajj^ a£ ö jAjj jj 

jj^ ^Aj 4öjjjl§£jJ JJA JJ^ 


djjou ûJJ Ö \jA 

.*V.*.; V«* 

jV jA^Aj jjUj cK^U UUU 
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PDF4KURD 


jjj4£öjjA öj c5JjöûAj cöjAjjJP jLûjjA c*Î4j j jjöj jA^Aj ^V^J 

^jA^öjjö j jLib J<j%J JJ^ jj Û^J ^I^jIj JJ^ J^ 

.0 JÖJÖJjAj 



Figure 3.16 


Sin30 = (P)/ (20) ^ P=20 Sin30 
Cos30= (L)/ (20) ^ L =20 Cos30 
+|-iA =F * S 

+|-iA =50Sin30*P - 50Cos30*L 

=50 Sin30 * 20 Sin30 - 50Cos30 * 20 Cos30 
=250-750 
+n =-500ib.in 


Example 3.8: Replace the three couple 
bye one couple which the force acting 
horizontally A and B. 

A^ö jiA likjja. Ukj jj öjj^J (ilAjjş. i ;<j jaj 

# b (B) j (A) ■‘d dil£jjl£ jjuoU aj 


IOO lb 



nl =-100 * 3 =- 300 N.cm 
H2 =+ 200 * 2=400 N.cm 
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n3 =- 500 * 4=400 N.cm 

.^OJ^ moment <i û*^'- 5 Jj 

Total=- 300 - 200 + 400=-1900 N.cm n 
n=F * S=0 - 1900=F * 2 
F=950 N 


Figure 3.18 


Example 3.9: The 75lb force is 
the resultant of the coplanar 
force system and two additional 
force ‘a vertical force through B 
and a force through A. 

Determine the unknown forces. 

Figure 3.19 

j jj (JaSaJ aj^aj j jaa ^^Sjû^ aÎls jjS j 7 51 b j<J ;4 j yJl 

<jjj oJjuj , Si \jA /*jIj£j£4j /iI£ö )Uj\j b uA 4 jjj iUû a£ (AjuIj j / £ uA 

**** —✓ i p .*^y** ** ** ** ** _✓.* • **** ** ^/.* 

^cilLaj ^jjj b A jLjjj (JojAj ûj b B <0 vertical 


I30 lb 



IFx=Rx 

130 Cos67.3 + Px=75 Sin36.8 
50 + Px= 45 


- 5=Px 
Px=5 lb<- 

,t_j4_a. AiuiûJ Jj (jASAjUjj L_ajjA5Ljj x jjJ^jöû L jjş. 
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IFy =Ry 

-75 Cos36.8 =130Sin67.3 + F-80 + Py.1 

Moment of the Resultant force about point A = 
Moment of all forces about point A 
75 COS36*8 =80 * 4 - F*8 - 130Sin67.3 +130Cos67.3 * 
3+850 


A] ^Aj <£ oj4 jV j<Î jjo j jJû.i jUjl jjl j<j jjû 

tP^ojl jjl j<J 


480=+ 320-8F -1559 +150 + 850 
719=- 8F ^ F=90lb v]. 


B <J^ cjASûjiA 

^jjûj=laSAjejöjAj (jjjoj aj I^jIu (jjjoj aj Resultant Ci j? û j 

AS (JASAjjş. jAj jASAj jljjjxAA jlSo jlA 


IFy = R y 

-75 Cos36.8=130Sin67.3 + F-80 + Py.1 


-75 Cos36.8=130Sin67.3 + F-80 + Py 
-74.27=119.929 - 90 -80 +Py 
170 - 74.27=119.929+ Py 
95.8-119.929 =+ Py 
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Py=-24.129 Ib 
Py=-24.129 Ib i 


Cul£ jjaAJ* jUJp* jU AajjöjJj ^jA£<1ujIjIj jjjIjU 

4^1 j j L<Aj jA^Aj jjjJöJi l_SjjöjJj 4j 

/*U<£j L_Llk£dj 4 j AluU ai) / ^a£<j MlA I qAj o oJ L_SjjA£uj 

• * ** ** * **-_✓**** u/ .*V ** J JW ** ** 

P 2 = (-24.129) 2 + (-5) 2 
P 2 =582 + 25=607 


P= 24.6 


tan(3= 


24.129 

(3=11.72 


Example 3.10: The 150lb 


force of the resultant of 

2' 

-< - 

4' 

3' 

1 2 ' 

t 2^ 

'i 






the two force and the 

>A 

■ ■ 


couple shown with two 

. 



f 

200 f,_lb 


vertical force one acting so lb i5o lb 6o lb 

through A and the other through B. Determine the two 
unknown forces. Figure 3.20 


AS ^a£aSa jj^. jA^ûjiA jjû ^^-aLajûjAj (^1501 b) ö j^ 

(A) Jj- 4 jI£ûJ jl£ c JjU < j jiA jjj J4£<S oj!jj jjjj 

.ûjûjû jjjj a£û jljjl j4i û jiA jjJ b (B) j^ jU>> °j 
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Solution: 


HA=150 * 6=-50 *2-60 *9-P *11+ 200 
11- 540-100 -=900P + 200 
11-440 -=900P 


_ 1340 . 

P=—= 121 lbs|/ 


îi 


jjjjAj jljjj^aAA 4^j jji. jljj^aAA ^^aj^jj-ua 


150-=F + 50 + 60 -121 


139 -=F 
F=139 lbs|/ 

Or 

nB=-150 * 5=60 * 2 + 50 * 9 + F * 11 + 200 

+ B (J J4j j)l£û jjA jjjAA (J jjû j= B cj JJ 0 ^ ^j R <_£ JJ° j 

.aSaSajj^ 

11+ 450 + 120=750- F + 200 
F=- 139=139lb\J/ 


y 


Example 3.11: The coplanar 
force system in figure consists 
of three forces and one couple. 
Replace them with equivalent 
force couple system acting at (a) 
point O (b) point A. 

Figure 3.21 
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jjA ^uuj 6 j jj\ g ^j ) jAJ jUAj^AjjjjjU ö jjA ^iLaj^ ;4 Jjaj 

A£ cJj&ljj^> ^LLuJjud J IjjU ^£jJjA 4 j Ö^j£ jUj 4C*KjJ^ tiKj J 

(A) Jl^ (O) (b) (a) 


IFx=90 + 38.3 - 60 
=68.3N 


IFy=+32.13-80 
=- 47.87N 

R = V(^l ) 2 + (F2) 2 + (2FÎF2cös oc) = 83.40N 
4 

tan a = - 
3 

a =53.2° 


tan0= 


47.87 

68.3 


0=35° 


+no=90*0.6 + 38.3 * 0.5-32.13*0.8+40 
+pio= 87.44N.m 

riA=-80*0.8+90*0.6+38.3 * 0.5+ 40 
nA =49.15N.m 



■^accN 


ZOOM 

/\ 


C 


X 


Example 3.12: Three 
forces and a couple 
are applied to a 























bracket as shown in figure Determine: l.The magnitude 
and direction of the R. .2The perpendicular distance 
from point O to the line of action of the resultant. .3The 
distance from point 0 to the intercept of the line of 
action of the resultant with the x-axis. 

Figure 3.22 



1 . 

2Fx=300+500Cos60 
550= N ^ 
IFy=200+500Sin60 
633= Nt 



R = J (550) 2 + (633) 2 
=839N 


Tan=->0=49° 

550 


Figure 3.23 


2 . 

R * d=200 * 0.45 + 300 * 0.4+ 500Cos60 * 0.7- 600 
d=254m 
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-839*Sin49*S=200*0.45-300*0.4+500Cos60*0.7-600 
S=339m 



Example 3.13: Determine the moment of 
the couple in the figure (3.24) with 
respect to (1) point A; (2) point B; (3) 
point C. 

ejöJÖ jjAJ b(3.24) ^ (J JJûj 

_ .(C) (3) KB) Ju (2) i(A) Ju (1) 

Figure 3.24 

1: +0 nA=150 * 4=600in.lb V 

2: +0 nB=150 * 2 +150 * 2= 600in.lb V 

3:+D nC=+150 * 6 -150 * 2= 600in.lbD 

Aj jjj 4-a4j (j4jlj4^jj c£Îj jj& j4Jb tö jljl^ jLa4S4jjjjlj jLa ja. 

_ IOO lb 

Example 3.14: By using the 
transformations of a couple, replace the 
three couples of the figure (3.25) by one 
couple with the forces acting horizontally at 
A and B. 

j^ ci^ÎjSAjj^ ^jo jAjioil jS ^jLnA jlS4j Aj 


200 


200 1 


100 " 


50 1 


50 
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jiA J aÊa} iÛjSajjûAj« jjlj (3.25) <j4+lj 

.bB j A ^ jA£oJijl£ 

Figure 3.25 

B ‘A ^ horizontal <j jj^ ^? ^%? 
Cl=100 * 3=300in.lb O 
C2=200* 2=400in.lbL> 

C3=50 * 4 =200in.lb O 



L_ilk5Lij Aj öjiûjjl£ ^AjIjA^Ij ^A£<jLoUJ jAj 

j£ j^ û J^ û j J 4 -^ <_£ jp- ^J^- <j+P û ^ 

+Ö CT=-300 + 400 -200=-100=100in.lb O 
n=F * s ^ 100=F * 2 F=50lb 




Figure 3.26 


50 lû 


50 1 * 


Example 3.15: By means of the 
transformation of a couple, replece 
the couple shown in the figure 
(3.27) by an equivalent couple 
consisting of horizontal forces which 
act along AB and CD. Show each 
step by means of a seprate sketch. 

Do not change the external effect on the body at any 
time. Figure 3.27 


800" 
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(3.27) a1 j^. 4<^1j£Ajj^. (Jto j^JJjujI 

a£ iT\}f\h (jI^AjjjjujU öjjA a! a£ IjjIa ^£j£Ajj^. 4j ö^J^j öjIjJjLuJj 

<_S^j ^ jAA .Cj1£j^ jl£ CD j AB 

<î a£AjA^ j4_uAÎ û j j£<_a a£<jj£û jo-i 4 _j j45J j!_£ _ ûClj jUliJ o j 1 jSLi^. 

.I^jjU jAA 

ri=800* 10=80001 b.fT 


n=F * 8 ^ 8000=F * 8 ^ F=1000lb 


Example 3.16: replace the 200lb 
force of figure (3.28) by a force 
which passes through A and a 
couple whose forces are 
horizontal and pass through the 
points B and C. 


/9"- 

Aj- 

CJ' 



6 jJ^f (3.28) cJ^j ci(200lb) _ 

ej dil jj jeJ lj(A) ^U. a£ i^ÎjjjA Aj 

. jjjûJ b C J B ^gjl^AÎU. 4j ûj jjjjjuiU ^gjUo JJa a£ UUajjş. 


Figure 3.28 


n=-200 * 6=-1200in.lb =1200in.lb 
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1200=F* 2 
F=600lb 


e 



m 


’OO 1 *. 

1 - r 


il 


.'’OO" 


Figure 3.29 


Example 3.17: Replace 
the force and couple 
shown in figure (3.30) 
with a vertical force at A 



-< - >- 

A 

B i 



< 

2' 

< ->- 



ioo lb 
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and a couple whose forces act vertically at B and C. 

Figure 3.30 

4_1 1 (3.30) ^jAjjj <1 6jl juojj j^. jA^öjjA 

a! AjLJjLoî ^jI^öjjA c^Ij^Ajj^. öj /\ a! ^ jJjuo 

.b c J B ^aIu. 


H (couple C) =-100 * 2 + 800 
600= Ib.in 


4j ö j4-ûAj <j4j! j4j*jj ^ AjI j a£ * * AjAjjuj jU ^4 j jjö j j<J j4-AÎ 

Cjj l_SjjA5Jj 

• .*v ** ** 

600=F*4^F=150lb 



Figure 3.31 
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Example 3.18: Replace the 90lb force of 
figure (3.32) by a force which passes through 
A and a couple whose forces are horizontal 
and pass through the points B and C. 

Aj ûjj£j( 3.32) ci(90lb) 

jjjjxjU jjA a£ ^Ajj^. ûj djljjjeJ Ij(A) 

.jjjûû lû C j B aj ûj 



Figure 3.32 


1^10=90 * 4= 3601 b.in 
360=F*6^F=60lb 



60lb— » 

\ 


601 


90» 



Figure 3.33 
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Example 3.19: By means of the 
transformation of a couple, Replace 
the lOOOIb force of figure (3.34) by 
a force which passes through A and 
a couple whose forces act vertically 
at B and C. 


Aj öjj5-j ‘(3.34) ci(1000lb) 

6J CjI jjjeû lû(A) ^ 

_ IJ (2 j B AÎ AjLiÎ jLÎ: ^jl^ejjA a£ JjO'ij^. 


Figure 3.34 


tan0=- 

4 

0=36.86° 


IOOO ,b 



ric=800 * 6 - 600 * 3=3000lb.in 
3000=F * 6 -> F=500lb 
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1000 10 




Figure 3.35 


2" 


û 

!OOO lb 

Ixlr 

,-- 4 

r 4 

i 


500lb 


c 

500 Ib 


( 2 ) 



Example 3.20: Replace the two 
1001 b forces of figure (3.36) by a 
force which passes through G and a 
couple whose forces act vertically 
at A and B. 


ejjXj (3.36) ci(lOOIb) 

ej diljjjeû (o((3) Aj t£]jjj& 

I (j j 0 jJ jA^ejjl^ AjLijLi ^_jLSe jjA a£ LIj^AJ ja. 


Figure 3.36 
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R = V ( 100) 2 + ( 100) 2 = 141.42/fa 


141.42lb 



( 1 ) 


100 * 



1*1=141.42*3=424.21 b.in 

Moment=force*distance 

424.2=force*2 

Force=212.13lb 


Figure 3.37 
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1 

po 16 Example 3.21: By means 

\ B of the transformation of 

k L 1 

aI 

L s‘ 

-—i d cuupie, rcepidce ine iwu 

forces of figure (3.38) by 
a single force. 

50 l& 

4j öjj5o(3.38) lS^J LJJ^ j^- l$ ö j^laîl< jI£jj4j 

jIj uaa£Ij 


Figure 3.38 

ricople= 50 * 8= 400lb.ft 
pB= 40 * d -> 400=40d 
d=10ft right B 
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4Clb 


Q 



10 


B' 



40lb 

H—r 

8 

- ■ 4 

k-- T - 

40lb 

— / 

t 

40 Ib 

(3) 

!J 


(4) 

-\ 


Figure 3.39 


n A=90 * 8=720 Ib.ft 

|v,a= 40 * d ^ d= (720)/(40) =18ft right A 


25 10 I0 16 



; i 

r 





4' 

4- ;■ 





20 ,fr 25 ,h 


Example 3.22: By means of 
the transformation of a 
couple, Replace the four 
forces of figure (3.40) by a 
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single force. 

û^J5o( 3.40) (_£4jjj (_£A£o jiA j!j^. t<. j^, (_£oj4 Vuj.iI j£ 

(ilj \jAA£Ij 

■ * 

Figure 3.40 


Moment of Couples=25 * 8 - 10 * 7=130lb.ft 

no=10 *d=130 -> d=13' right point 0 
' 2=11- 13right body 

25 «. , 0 «> 





\ 0 '* 



Figure 3.41 


C 

k 


( 4 ) 


1 


100 



























20 


lb 


50 


lb 



1 1 

| 

"A 

k 

w 


M 

4 ' 

^ 6' * 

V 


80 


lb 


60 


lb 


Example 3.23: determine the 
resultant of the parallel 
coplanar force system of 
figure (3.42), and locate it 
with respect to point A 


ö jj& AiLaj£ J L j4 ' 
jLi. <_£ojjj£Aj sj ta jû jû jJLj (3.42)l£*'AIj ^jASAjjjAj Aj^Ajjj^jIa 

l £ JrP A 


Figure 3.42 
+tR=£Fy 

70 =80 + 60 -20 -50=70lb t 

Moment of the all forces about point 0=Moment of the 
Resultant force about point 0 
70*q = 60*12 -50*10- 20*4 

140 

q = — =2 




H 


70 


H 

t 

70Ib 


Figure 3.43 


7û »b 3Q |b 


40 " 


Jk \ 

[ 1 

1 1 

3 .□ 

^W t j 


L J 

, J 


y £■’ 

4 ' 

L'l 




Example 3.24: 

determine the 
resultant of the force 
system of figure (3.44) 


o jlib aIajj£ ^g-ûLaJöjAj 


101 

































tûjûjûjj^j (3.44)<j4+lj 


Figure 3.44 
+tRy=ZFy 

=120 - 40 - 30 - 70=- 20=20lb ^ 


Moment of the all forces about point 0=Moment of the 
Resultant force about point 0 

R * q =(200)+( 40* 10)-( 120 * 8)+( 30 * 4)+( 70 * 2) 

20*q=200+400-960+120+140 
q= — ^=-5 -> q=5ft left of point O 


Example 3.25: The cable 
AB of figure (3.45) 
supports three vertical 
loads. Determine the 
resultant of these three 
40 ' u 30 lb forces, and locate it with 

respect to point A. 

c>^ J^'j Jj^ cijW (3.45) cS^J 

cJjLp A cJ û jb^? e j ‘4%j^p a£û jiA 
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Figure 3.45 


+\J/R=^Fy 
=40 + 30 +20 
=90lb sl/ 


Moment of the all forces about point A=Moment of the 
Resultant force about point A 


90 * q =(40 * 4)+ (30*9) +(20 
*12) 

Q=^=7.54 

90 



Figure 3.46 


Example 3.26: Replace the 260lb force and the 800ft-lb 
couple of figure (3.47) with two vertical forces, one at A 
and the other at B, without changing the external 
effects on the body. Do not use the transformations of 
a couple. 

aj e^j^j (3.4' ) ij^j ci^ö(800ft-lb) a£4jj^. j A£(260lb) ûjja 


< 

'A B* 

• Ci 

> 

) 


m 



ft-lb 

6 ' 

■*"" 4' 

^ ÖUU 

f 


260 ,b 


LS JJ j 

t^jjjxj 


























C5^°J oû LS cP'J j£ ‘'j(B) (_^6 jAj ûj 'û(A) 

.AjjAAuû jI^Aj tjÎAjj^. (Jû jAjjjuilj^ _A^AjAj jAjuAÎ 


Figure 3.47 

XhAI =£piA2 

800+10 * 260 =FB * 6 ^ FB=567lb^ 


piBl^riB^ 

4 * 260 + 800=FA * 6 
FA=307lbt 


Example 3.27: The 150lb force of figure (3.48) is the 

resultant of the 
two forces 



2’ 

*<-►H 

4' 

— w 

3' 

2' 

2' 




■<->- 

*<-►< 

-<- 


»4 

< 

,e 


- 

1 

, 

r 

k 



50 


ib 


150 


lb 


60 


lb 


shown and the 


other vertical 


forces, one acting through point A and the other 
through B. Determine these two unknown forces. 


Figure 3.48 

°j^> jj û ^Jajjjjj (3.48) <j^°(150lb) 

'^A Aj jlA^Aj i jj ^jU (j jiA jûj a£a£ajjş. j a£ojI jjjlûjj 
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JjljJ 4^6jljjlj4j . l«i B 4j jljjj (Jûj4j 6J d)l£ûJjl£ 

m a£^ 


Moment of the all forces about point A=Moment of the 
Resultant force about point A 
150*6=(200)-(60*9)-(50*2)+(FB*ll) 

FB=121.82lb vj/ 

Moment of the all forces about point B=Moment of the 
Resultant force about point B 

150*5=-(50*9)-(60*2)-(200)+(F a * 11) 
750=-450-120-200+ll* F A 
FA=138.2lb 4, 




jjuA^lj (jjjAÎ Oj^Li di ji. Jj a£ 
^jjûJ fA} jJa. t4j|jjj ; jJoJ 


Cliii şj4j Ijjj , _jjj£ tdijjlj I AAj I j£ilLa a1 Ajoi aj 

J‘ ** o *♦* *** ** ** ** V J 


j-Jjjj) 
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English 


Units of measurement 

jPjSaJjjj ^ISa^aj 

Quantities 

/jl \ 

Length 


Mass 


Time 


Force 

j^ 

Velocity 

cs'j^ 

Acceleration 

jbjtj 

Area 

J^JJJ 

Density 

^Jî 

Work 


Moment of force 

j^ Jjt* j 

Power 

Uljj 

Pressure 

jU*Aj 

Unit 

** 

Scalar quantities 

jI£ajjujI jU ^ ö*ajj& 

vector quantities 

jI£öjjAjjuj! jU öAiiA 

Magnitude 

jt 

action 


Direction 

AJjujI jU 

state 

Cjdu. 

Resultant 

^L^jAjjAj 

Inclined 


Component 

A 1 ^ 1 1 

V **** 

Summation 

ö j^J^ j£ j£ 
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Axis 

ö Jö jAj 

Condition 

^J^ 

Condition 


In order that 

fjoyCi jj 

Determine 


Resultant of force system 

jj& j£ ^gL^JAj j4j 

Moment 

jpj 

Torque 

ji o 

With respect to 

Aj 

Product 

j'j^ 

Force 


perpendicular 

jjILuAj 

act 

j^Luj AjI£ö^jI£ 

Couple 

c*Kj j^. 

rigid body 

^jAj 

Consist of 


Parallel 

^j^ 

Opposite 

<jl o4u^Jj 

V ** **** 

Angle 

Ajuj J^ 

unknown forces 

(jlSöjLpli oJJA 

through 

jUAj 

Equilibrium 

J J jj5o4uuJ jL& 

Equations 

^jl^LudJ^jlA 

ignored 

jljiJj^LL 

free body diagram (FBD) 

CILujAjjAuuj ^^jAj jI£]jA 
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problems 


Reactions 

j<jLjI£ 

Centroid 

c3 

center of Gravity 

c 

specific weight 


Simi arc 

û J ^ ^ Ti 

v ** ** ** 

Ellipse 


Moment of inertia or 

Second moment 

L$ j) L 

Polar moment of inertia 

J jLuiaAjş. (J Jj^<j jb L$ JJO j 

Parallel axis theorem 

ûjûjAj ^ jj^JJJ 

Radius of Gyration 

ûjAjVj^- ÛJjj 

strip 

JCijjJ 

element 

♦♦ 

element 


Parabola 

IjjIaa£jj 

Product moment of inertia 

(jjl j^J jjû j 

Analysis of Structures 

djLnj j4i^j£jjui 

truss 

cijjaAjjl^ 

Member 

Jaj 

joints 

jI£a5^û j^. 

planar truss 

C1j£<j ^^ILuAjjL 

section 

a1 ^j 

hinge 


Friction 

j*AjLud££i] 

static friction 
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kinetic friction 


Coefficient of Friction 


angle of the incline surface 

jlLjj 

angle of repose 

jjolJ J^ 

Angle of friction 


Beam 

j 

Cable 


SIMPLY SUPPORT BEAM 

j'J^'j j 

Over hanging Beam 

jIjjujIj]AA V <J*L^.lj 

CANTILEVER BEAM 

4-^.1 j aIjjJ 

indeterminate beams 

jLûlj 4 jJ j 

PROPPED BEAM 

j j£ 

FIXED or RESTRAINED 
BEAM 

jL <j4jJ j 

j'i 

CONTINUOUS BEAM 

^alJÖ^J<J (jA-^.1 J 

Axial Force 

^ûjojAj j jiA 

Shear Force 


Bending Moment 

Ö jAjLöAj^ (J JJÖJ 

bending in Beam 

Iû4_^.l J a1 ÖjAJ-LûA^. 

bending stress 

ö jAjLgA^ (J jLuoû 

Assumptions 

j£ 

involved 

J jl AjoAj 

theory 


design 

jLuAjulkAj 

loading 

cpj^ JW 

point load 

jlA j jlj 


109 



































distributed load 

(j jjLAjL jb 

Beam deflection 

A-^.1 j j<J jJ jl 

Beam span 

j jLû 

shear force diagrams 

J^ lSJ^ 

bending moment diagrams 

ö jAjL<A-^ jjöj ^Ajjllk 

bolt 


collinear 

JiA jU 

compression 


Concentrated force 


concurrent 

j jLuLA5L£-<-Aj 

connection 

CIluAjSjj 
* ** 

coplanar 

CliiAjjjjlA 

Cross-section 

A£jj<jL 

curve 

ö jL<Au^. 

deformation 

. g v** v :* 

degree 

aL 

disk 


Distributed load 

jl j£JAjb 

load 


loading 

cPj^jW 

fixed 

ûLloA^ 

V ♦♦ ♦♦ 

homogeneous 

‘^jjj^ 

horizontal 

<_£ julU 

Integration 

(jjl£jtjAj 

Line 

Lii* 

Line of action 

JS Jj* 
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maximum and minimum 

j ûjjj j j j 

object 

jAj 

body 

jiAJ 

Parallelogram 

c_jjjAjV 

particle 

aSS 

pin 


polar 


radius of gyration 

ûjAjVj^. (JOJJJOJjj 

resolution 

ijikjjj 

rivet 


roller 


roof 

jbj4_ui 

rotation 

ö j^LîV j^ 

smooth 

L_flLaJ 

static 

jLLujö j 

statics 

j 

Strength 

jj j<a£ jAj 

Stress 

jLudû 

Structure 

djUL 
** * 

Summation 

juj 

Support 

Ç-UalL 
** ** 

symmetry 


Tension 

UJJ^ 

Transformation 

Ö jAJJjoj! jE 

Uniform 

^J 

Vertical 

^gJjUö 
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volume 

ojlAa 

Weight 

<A£ 

Welding 
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